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10° “Typical" Prompt GRB Spectrum
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Paradigm Testing

Ryrb ~ SFR

long duration: collapsars

short duration: mergers




Day 13-14 Day 23-24 Day 27-28

Transient
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HST: Kulkarni et al. 2002

o Afterglow Physics
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A a-f,p: yrb environment & e-acceleration

jet breaks — beaming angles — energetics

Jlux density

: Properties of associated “hypernovae”

97ef, 97ey, 98bw, 01ke, 02ap

Greiner et al. 2002
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z=18.2

Tracing niverse

QSOs:z~5
galaxies: z~ 6~z
GRBs: z~4.5
Pop III stars: z ~ 10-20

reionization

T. Abel et al



yrbs — The Cosmic Star Formation Rate
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I The eVOlVing
) ' cosmic radiation
background

— optical depth at E ~ TeV
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Kneiske, Mannheim, Hartmann 2002, A&A 386, 1



High energy absorption of GRB spectra
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“Pop 111 stars:_
M.~ 150 M 250 Mo:
pairSN (Heger & Woosley)
odd/even Ne=Ge
Zn in DLAs ?

G()LD'

Rosswog et al 2001_%

s of degrees]
-

100 3000 10000 30000 - 60000 100000




THEORY

Saas-Fee Advanced Course 27
Lecture Notes 1997

Swiss Society

for Astrophysics and Astronomy

R.J. LeVeque D. Mihalas E.A. Dorfi E. Muiller
Computational Methods
for Astrophysical

" Fluid Flow

Relativistic Hydrodynamics

Special & General Relativity



How massive single stars end their life

A. Heger,

C. Fryer,

D. Hartmann,

N. Langer,

S. Woosley 2002, in preparation




The BHAD central engine
E, ~10°* ergs:
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Rp~1% R(SNY
GRB — SN 1
SN - GRB *

t(outflow) > t(yrb)

- GRB/SN diversity , .

e.g. hard X-ray flashes (Heise et al.)




Collapsars 101
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Light Curve Stru | 020813

Variations of energy input where the je
is born, do not manifest themselves in
gre GRB lightcurve

Relativistic KH Instability
- baryon loading of the flow

- Lorentz factor spectrum




Three Types of Collapsars

* CI - M(He) ~10-40 M_: prompt BH formation,
no successful shock after cc, Mgy ~ few M,.
dM/dt ~ 0.1 M_/s, 6t ~ 10 s, temp. proto-NS
formation = f(eos), v-flux smothered: low Z

reduce dM/dt, and thus increases M(He)

e CII ~ CI - Delayed BH formation (fall back)
with t ~ min-hrs; similar parameters

 CIII - Pop III stars: M > M_,..(w) ~ 250 Mo, BH
mass ~ 100 M, dM/dt ~ 0.1 M /s for 10(1+z) s
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z=18.2

Star formation in the earl
favor very massive st

(biased IMF)

elieved to

GRB type-ratio a
GRBrate/SFR-rati
metallicity

ange with
shift
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« Conclusions

Once you have seen one GRB,

... you have seen one GRB !




